Field experiments were carried out in two successive seasons during the winter seasons of 2014/2015 and 2015/2016 under high polyethylene tunnels in a private farm located in Belqas District, Dakahlia Governorate, Egypt. The aim of this study is to improve the fruit yield and quality of the grafted cucumber (Cucumis sativus .L) c.v Nabeela plants. The experiment included 16 treatments resulted from combination of four rootstocks (i.e, Jumbo , Star, Felxi and Non-grafted ) were arranged in main plots and four foliar applications (i.e., salicylic acid at 200 mgL -1 , silicon at 100 mgL -1 , yeast at 10 gL
INTRODUCTION
Cucumber (Cucumis sativus L.) is regarded as one of the most popular vegetables in the world, and annually about 71.4 million tons are produced (FAO. Statistics.2015) . In Egypt cucumber is used to produce under open field conditions and recently is considered as one of the main greenhouse cultivated vegetables. The total greenhouse area for cucumber production was 11.915 million square meters in 2014, and the production was 161 thousand ton in 2014. ( Ministry of Agriculture, 2015) . Use of grafted seedlings became a widespread agricultural practice in many parts of the world and grafting is an important technique for vegetable production (Lee, 2003) . The researchers consider that grafted plants, which provide increased yield and, consequently, higher profit, can be of value to farmers (Ruiz and Romero, 1999) . Reported that grafting was enhanced the uptake of macronutrients such as phosphorus and nitrogen. Grafting is a recommended method for enhancing tolerance with some problems, including soil-borne diseases, soil nutrient imbalances, salty or alkaline soil conditions, spread of weeds, low temperature, etc.
In recent years, grafting has been found effective in overcoming a biotic stresses. A specific method of modifying plants to resist environmental stresses comprises grafting commercial cultivars onto selected vigorous rootstocks (Lee and Oda, 2003) . Salicylic acid (SA) acts as an endogenous hormone like plant growth regulator, which has broad but different roles on stress adjustment and appears to be an effective agent for plant to overcome different stresses (Metwally et al., 2003 ; Vicente and Plasencia, 2011) . Plants typically absorb bio-available silicon as a silicate -generally known as monosilicic or orthosilicic acid. Silicon (Si) is deposited as silica in the plant cell walls, improving cell wall structural rigidity and strength, plant architecture and leaf erectness (Epstein, 1994) . It has been reported that Si applied by external foliar treatments or hydroponic supplementation has beneficial effects on plant growth and plays an important role in tolerance of plants to environmental stresses (Balakhnina and Borkowska, 2013; Rizwan et al.,2015 and Yamaji, 2006) . several studies such as El-Ghamriny et al., 1999; Amer, 2004 and El-tohamy et al., 2008 reported that Bread yeast Saccharomyces cerevisiae is considered as a type of biostemulent which is usually used as foliar application on vegetable crops . Hence, The aim of this investigation was to improve the fruit yield and quality of the grafted cucumber plants grown under high polyethylene tunnels by using some foliar applications. i.e., such as yeast, silicon and salicylic acid.
MATERIALS AND METHODS
To achieve the goal of this study, two field experiments were established in winter seasons of 2014/2015 and 2015/2016 under high polyethylene tunnels in a private farm located in Belqas District, Dakahlia Governorate, Egypt. The investigation was aimed to study the effect of grafting onto different rootstocks and some foliar application on cucumber production under high polyethylene tunnels conditions The experiment included 16 treatments resulted from three rootstocks [i.e., Jumbo , Star, Felix which resulted from (Cucurbita maxima × Cucurbita moschata)] in addition non-grafted plants as a control were arranged in the main plots and four foliar applications (i.e., salicylic acid at 200 mgL -1 , silicon at 100 mgL -1 , yeast extract at 10 gL -1 and tap water as a control were arranged in the sub plots. The treatments were arranged in a randomized complete blocks design with three replicates. Cleft plant grafting method was used according to Kubota et al. (2010) . Surface soil samples were collected from (0-30 cm depth) and some physical and chemical properties of the studied soil are shown in Table 1 according to A O A C (1996) Preparation of yeast extract was done according to El-Ghamriny et al. (1999) . Salicylic acid (SA) was dissolved according to the method described by Williams et al. (2003) . Silicon was dissolved according to the method described by Liang et al. (1994 (1996) . The data were statistically analyzed according to Gomez and Gomez (1984) .
RESULTS AND DISCUSSION
1-Effect of grafting and some foliar applications on vegetative growth characters : Survival percentage:
Data in Table 2 illustrate that the plants grafted onto different rootstocks had a significant effect. The highest values of survival percentage was found at the tested rootstock 'Jumbo' followed with 'Star' then 'Felix' but the non-grafted plants recorded the lowest values Also, the individual effect of some foliar applications on survival percentage was recorded the highest values with yeast extract at 10 g/L treatment followed by salicylic acid then silicon while Tap water (control) recorded the lowest values. The interaction effect between grafting and foliar application recorded the highest significant values when the tested rootstock Jumbo sprayed with yeast extract at 10 gL-1 while the lowest values were recorded when the non-grafting plants sprayed with tap water in both seasons of study.
The present results agree with those obtained by Abd-Alla (2002); Liu et al. (2012) and Rahmatian et al. (2014) who reported that graft compatibility between rootstock and scion is the most important factor influencing the survival of grafted plants. Also, many investigators reported that cucumber plants grafted onto cucurbita ficifolia gave the highest percentage of successful grafted plants . As the effect of foliar applications, Abou El-Yazied and Mady (2011) stated that foliar applications such as yeast increased survival percentage of cucumber and all growth parameters. It could be concluded that yeast as a natural source of cytokinins might enhance cell division and cell enlargement so far increasing the leaf surface area as well as enhancing the accumulation of soluble metabolites as mentioned about the role of cytokinins. Also, yeast is a natural source of Vitamin B and most of the essential elements. These results are in harmony with the finding of Said et al. (2012) . Also the obtained positive effect of spraying salicylic (SA) acid on cucumber plants may be due to that SA is considered as a growth regulator which participates in the regulation of physiological processes in plants. Bhupinder and Usha (2003) stated that It stimulates flowering in a range of plants, increases flower life, controls ion uptake by roots and stomatal conductivity .
2-Stem length, number of lateral branches and leaf area :
Results presented in Table 2 show the effect of grafting onto different rootstocks and some foliar application and their interaction on vegetative growth parameters of cucumber plants. Generally grafting of cucumber plants had significantly increased vegetative growth parameters (i.e, stem length, number of lateral branches, and leaf area of the fifth leaf from the apical bud) as compared to the seedy plants (non-grafted).
The results proved that grafted cucumber plants onto Jumbo rootstock recorded the highest values of the previously mentioned growth parameters compared to the other rootstocks. While the grafting onto flexi fort recorded the lowest values .This trend is true for both seasons of the study.
Concerning the effect of some foliar application (i.e, yeast extract 10 g/L, salicylic acid 200 ppm/L , silicon 100ppm/L and tap water ( control)) on the vegetative growth parameters of cucumber plants, Its clear from the data presented in the same table that all foliar applications significantly recorded superior values compared to the control plant (tap water) meanwhile, the plants treated with yeast extract 10 g/L recorded the highest values compared to the other foliar application treatments. While non significant differences were detected between salicylic acid and silicon treatments in this concern except in number of lateral branches in both seasons.
As regard to the interaction effect between grafting of cucumber plants and foliar application treatments on vegetative growth parameters, the obtained results declare that the interaction had a significant effect among the different treatments. The highest obtained values of vegetative growth parameters were obtained with grafted plants on Jumbo rootstock and sprayed with yeast extract at 10 g/L in both seasons while the lowest ones were recorded with the control plants (seedy plants sprayed with tap water). The grafted plants on star rootstock sprayed with yeast extract at 10g/L came in the second order.
The present results are in agreement with those obtained by Abd-Alla (2002); Abou El-Yazeid (2011); Said et al. (2012) and Rahmatian et al. (2014) . Table 3 show that the plants grafted onto different rootstocks had the highest significant values of fresh and dry weights compared to non grafted (control) .and the tested rootstock 'Jumbo' recorded the highest values of fresh and dry weights during the second season of study but the non-grafted recorded the lowest values Also data show the individual effect of some foliar applications on fresh and dry weight and indicated that the yeast extract at 10 g/L recorded the highest values of the fresh and dry weight as compared with other treatments in this respect. Salicylic acid treatment came in the second order then silicon treatment. The interaction between grafting on different rootstocks and foliar applications recorded the highest significant values when the tested rootstock Jumbo sprayed with yeast extract at 10 gL-1 .while, the lowest values were recorded when the non-grafted plants sprayed with tap water in both seasons of study.
The present results are in agreement with those obtained by Abd-Alla (2002) who grafted cucumber plants Nile cv. onto squash, pumpkins (Cucurbita moschata), pumpkin (C. maxima), bottle gourd, fig leaf gourd and non-grafted cucumber and found that the plants grafted onto fig leaf gourd and bottle gourd had the highest values of fresh and dry weights of leaves compared with the other used rootstocks or the nongrafted ones. Also, when Huaifu et al. (2006) investigated the growth of cucumber (Cucumis sativus) grafted on smooth luffa (Luffa cylindrica L.) compared with self-rooted plants they found that cucumber grafted on smooth luffa showed significantly higher values for the fresh and dry mass of grafted seedlings compared to non-grafted plants. Table 4 show the effect of grafting onto different rootstocks and some foliar application and their interactions on N, P, and K percentages and total Chlorophyll in cucumber leaves. Generally grafting of cucumber plants had significantly increased N and K percentages on leaves as compared to the seedy plants (non-grafted). But there is insignificant effect was found in P percentages in both seasons of study. The grafted plants onto Jumbo rootstock gave the highest total Chlorophyll in the both seasons. In the contrary, nongrafted plants and grafted plants onto 'Star ' rootstock showed the lowest values in both seasons without significance between both treatments.
The results proved that grafted cucumber plants onto Jumbo rootstock recorded the highest values of the N and K percentages in leaves compared to the other rootstocks. While the grafting onto flexi fort recorded the lowest values .this trend is true for both seasons of the study.
Concerning the effect of some foliar application (i.e., yeast extract 10 g/L, salicylic acid 200ppm/L , silicon 100ppm/L and Tap water ( control)) on N, P, and K percentages and total Chlorophyll of cucumber leaves, its clear from the data presented in the same table that all foliar applications significantly recorded superior values compared to the control plant (tap water) meanwhile the plants treated with yeast extract 10 g/L recorded the highest values compared to the other foliar application treatments. While non significant differences were detected in P concentration percentage in leaves in both seasons.
As regard to the interaction effect between grafting of cucumber plants and foliar application treatments on the previous characters, the obtained results declare that the interaction had a significant effect among the different treatments. The highest obtained values of N P K parameters were obtained with grafted plants on Jumbo rootstock and sprayed with yeast extract at 10g/L in both seasons and the grafted plants on star rootstock sprayed with yeast extract at 10g/L came in the second order. While the lowest ones were recorded with the control plants (seedy plants sprayed with tap water).
These results are supported by the findings of Mohamed et al. (2014) who suggested that superior results of grafting may be due to promote the movement of water and nutrients from rootstock to scion as a result of the better development of vascular bundles which depends on the good adhesion between rootstock and scion.
The positive obtained results of grafting on vegetative growth parameters, N.P.K percentages and total chlorophyll may be due to that the grafted plants have a vigor root system which be influences absorption and translocation of mineral nutrients and increase photosynthesis (Ikeda et al., 1986; Kim and Lee, 1989; Ruiz et al., 1997; Pulgar et al., 2000; Hu et al., 2005) and The positive effects of foliar applications like yeast extract refers to its content of natural vitamins cytokinins , enzymes, amino acids and minerals (Khedr and Farid, 2002; Mahmoud, 2001) . It was reported that, dry yeast has stimulatory effects on cell division and enlargement, protein and nucleic acid synthesis and Chlorophyll formation (Kraig and Haber, 1980; Castelfranco and Beale, 1983) . It participates in a beneficial role during stress due to its content of cytokinins (Barnett et al.,1990) . Improving growth and productivity of vegetable crops by application of active yeast extract were recorded by several studies such as on beans (Fathy and Farid, 1996; Amer, 2004 ; ElTohamy and El-Greadly, 2008) .
Also, many studies showed that Salicylic Acid (SA) is an essential component in the signal transduction pathway leading to systemic acquired resistance (Meuwly et al., 1995) . And (SA) is a growth regulator which participates in the regulation of many physiological processes in plants. It stimulates flowering in a range of plants, increases flower life, controls ion uptake by roots and stomatal conductivity (Bhupinder and Usha, 2003) .
Numerous greenhouse, laboratory and field experiments have demonstrated that Si is able to hamper both biotic pressures caused by pest attacks and plant diseases, as well as a biotic pressures, including physical pressures such as water logging, drought, high temperature, freezing, UV, and chemical pressures as nutrient deficiencies, salinity, and metal toxicity ( Guntzer et al., 2012; Balakhnina and Borkowska, 2013; Marafon and Endres, 2013; Jonas et al., 2013; Zhu and Gong, 2014; Rizwan et al.,2015) . And the significant role of Silicon that Si deposited on the tissue surface acts as a physical barrier. It prevents physical penetration and protects plants from temperature stresses and makes the plant cells less susceptible to enzymatic degradation by fungal pathogens. This mechanism is supported by the positive correlation between degree of suppression of pests and diseases and Si content Cherif et al. (1994) . 
3-Effect of grafting and some foliar applications on cucumber fruit yield:
Results presented in Table 5 show the effect of grafting onto different rootstocks and some foliar application and their interaction on fruit yield of cucumber plants. Generally grafting of cucumber plants had significantly increased fruit yield parameters (early and total yield) as compared to the seedy plants (nongrafted).The results proved that grafted cucumber plants onto Jumbo rootstock recorded the highest values of the fruit yield compared to the other rootstocks. While the grafting onto flexi fort recorded the lowest values .this trend is true for both seasons of the study.
Concerning the effect of some foliar application (i.e., yeast extract 10 g/L, salicylic acid 200ppm/L , silicon 100ppm/L and Tap water ( control)) on the fruit yield of cucumber plants, its clear from the data presented in the same table that all foliar applications significantly recorded superior values compared to the control plant sprayed with (tap water) meanwhile the plants treated with yeast extract 10 g/L recorded the highest values compared to the other foliar applications treatments.
As regard to the interaction effect between grafting of cucumber plants and foliar application treatments on fruit yield, the obtained results declare that the interaction had a significant effect among the different treatments. The highest obtained values of fruit yield were obtained with grafted plants on Jumbo rootstock and sprayed with yeast extract at 10g/L in both seasons and the grafted plants on star rootstock sprayed with yeast extract at 10g/L came in the second order. While the lowest ones were recorded with the control plants (seedy plants sprayed with tap water).
In our study, the increase of cucumber fruit yield due to grafting and foliar application might be attributed to the increase of vegetative growth parameters (table 2) , high N, P, K percentage in leaves and chlorophyll content table 4 , which enhanced photosynthesis efficiency and that is a good explain for increasing plant growth and dry matter production as shown in table 3 this enhancement could be an indicator for expectable high yield fruits and higher N,P,K concentration in the fruits. In this concern, many authors proved that grafting affected fruit yield of cucumber Mady (2009) . Besides, El-Sayed et al., (2014) who stated that grafting increased early and total yield of cucumber fruits. Also, these results are supported by the findings of Barnett et al. (1990) . Besides Said et al. (2012) suggested that superior results of Yeast extract treatments to participate a beneficial role during stress due to its auxins, cytokinins and gibberellins content while improve the formation of flower initiation due to its effect on accumulation of carbohydrates. 5-Effect of grafting and some foliar applications on N.P.K percentage and fruit quality parameters:
Results presented in Table 6 show the effect of grafting onto different rootstocks and some foliar applications and their interaction on N, P, and K percentages in fruits, TSS and vitamin C of cucumber fruits. Generally grafting of cucumber plants had significantly increased N and K concentration percentages in fruits as compared to the seedy plants (non-grafted). But there is no significant effect on P percentage in the both seasons of study. For TSS, The results in the same table show that the greatest values of TSS were recorded by grafting onto the tested rootstock Jumbo, while grafted plants onto Star rootstock gave the lowest values in both seasons. Furthermore, the obtained results indicate that vitamin C was significantly influenced by grafting. Since, the greatest vitamin C values were observed in grafted cucumber onto Jumbo rootstock, while grafted plants onto Star rootstock gave the lowest values in both seasons.
Concerning the effect of some foliar application (i.e., yeast extract 10 g/L, salicylic acid 200ppm/L , silicon 100 ppm/L and tap water ( control)) on N, P, and K percentages, TSS and vitamin C of cucumber fruits, its clear from the data presented in the same table that all foliar applications significantly recorded superior values compared to the control plant (tap water) meanwhile the plants treated with yeast extract at 10 g/L recorded the highest values compared to the other foliar application treatments. While non significant differences were detected in P percentage in fruits in both seasons.
As regard to the interaction effect between grafting of cucumber plants and foliar application treatments on the previous mentioned treats, the obtained results declare that the interaction had significant effects among the different treatments. The highest obtained values of previously mentioned treats were associated with grafted plants on Jumbo rootstock and sprayed with yeast extract at 10g/L in both seasons and the grafted plants on star rootstock sprayed with yeast extract at 10 g/L came in the second order. While the lowest ones were recorded with the control plants (seedy plants sprayed with tap water. But there is insignificant effect on P percentage in the both seasons of study.
The present results agree with those obtained by Abd-Alla (2002) and El-Semellawy (2005) . Who found that grafting cucumber onto pumpkin or squash led to raise TSS% of fruits. On the contrary, Hongli et al., (2003) recorded negative effect for grafting, where contents of soluble sugar, vitamin C, amino acids particularly, glutamic and aspartic acids decreased and the contents of nitrate, tannititrable acid increased in the grafted cucumber on figleaf gourd (Cucurbit cificifolia) and Sintozwa (Cucurbita maxima x C.' moschata). Other studies suggested that grafting (rootstock) has insignificant effects on fruit dry matter and soluble sugar content of cucumber under unstressed conditions Zhu et al. (2006) ; Zhong and Bie (2007) . 
CONCLUSION
According to the obtained results in this investigation, cucumber grafting onto Jumbo rootstock using the yeast extract at 10 gm/L was the best treatment that could be recommended to obtain the highest yield as well as improve fruit quality, especially TSS% and vitamin C of cucumber fruit in north delta area and other regions with similar agro-climate conditions.
